ma and an Ar-He mixture in the Ar-He plasma; the mix tures were varied while the total gas flow rate was main tained at 90l • min-1. A detailed experimental description of the plasma synthesis has been given elsewhere.20)
The plasma-heated products were a mixture of vapor-con densed fine powders and melt-solidified micron particles.20) The fine particles were separated from the products by sedimentation treatment in ethanol. The fine powders were analyzed by X-ray diffraction, scanning electronic micro scopy (SEM) , transmission electronic microscopy (TEM), selected area electron diffraction (SAD), energy dispersive X-ray spectrometry (EDX), and chemical analysis. The TEM was done with a transmission electron microscope equipped with an EDX attachment (Model HF-30005, Hitachi) operated at 300 kV. The SEM was done with a Model 5-5000, Hitachi. Lattice parameters of the TiC were determined by X-ray diffraction (XRD) (Cu Ka) according to the d value of the TiC (422) line. The carbon content in the powders was determined with a carbon analyzer (Model EMIA-511, Horiba Ltd.).
3. Results and discussion XRD patterns from the vapor-condensed products ob tained at different hydrogen inputs in the sheath gases in the Ar-H2 plasma are shown in Fig. 1 . The stronger diffraction lines are from the cubic titanium carbide which was the major product in the vapor-condensed products. A set of weaker diffraction lines that are not due to the cubic TiC can be assigned unambiguously to the ternary Ti2A1C according to the standard data in the JCPDS card (29-0095). Careful examination of the XRD results did not show any evidence of the formation of ternary phase A1Ti3C in the Ti-AI-C sys tem or any other Ti-Al or Al-C phases. The hexagonal unit cell sizes determined by XRD were a=0.3063nm and c= 1.3621nm, which are equal to the reported values for the single-phase Ti2AlC.21),22) This suggests the Ti2A1C crystals formed by the plasma vaporization have an ideal H-phase hexagonal structure without carbon deficiencies; Ti2A1C cell dimensions are highly sensitive to processing conditions and to interaction with other coexisting phases or carbon deficiencies.22) Figure  1 shows that the intensity of the diffraction lines We detected a set of single diffraction spots that were identi fied as arising from Ti2A1C. The dark-field image ( Fig. 3  (d) ) obtained by filtering the (004) spot (Fig. 3(e) ) rev ealed that the single-crystal diffraction originated from the larver faceted particles. These results clearly demonstrate the efficient formation of the Ti2A1C phase from TiC and Al at high plasma temper atures. Tomoshige and Matsushita17) observed the forma tion of the Ti2A1C phase through the reaction of elemental Ti, Al, and C in self-propagating high temperature synthesis (SHS), and discussed the formation of TiC as the first step in the formation of the Ti2A1C phase. The reaction between Ti and C gave off sufficient heat to generate temperatures enough to melt Al and Ti (2173K) and the grown TiC sub sequently dissolved in the Al-Ti melt with precipitation of the Ti2A1C phase through the liquid phase. In our process, this ternary phase seems to have formed by means of the reactions among elemental Ti, C, and Al in a vapor phase under plasma temperatures as high as 3000-10000K. TiC vaporizes at T>4674 K at 1atm, and decomposes into Ti and C gases (TiC molecules are unstable in the vapor phase24)). This temperature of T>4674K is necessary to vaporize TiC, but a still higher temperature seems necessa ry for the nucleation of the Ti2A1C phase. We deduced this from the experimental observation that no Ti2A1C phase was formed at the lower reaction temperature when a lower hydrogen concentration was used. We did not observe the formation of this phase in the re-melted TiC particles, which precludes the possibility of any reaction having occurred be tween liquid TiC and Al. The distinct hexagonal morpholo gy itself suggests that this phase nucleated and grew direct ly from the vapor phase.
Conclusion
This study demonstrated the possibility of synthesizing ternary phase Ti2A1C via a vapor-condensation process through thermal plasma vaporization of TiC and Al. The Ti2A1C phase formed by this process was well crystallized: it appears as nanosize (40-80nm) hexagonal grains. The formation of this phase was enhanced by increasing hydro gen input to the system. It is assumed that the Ti2A1C phase grew through the reaction between the elementary Ti, Al, and C vapors generated at the high plasma temperatures.
